Introduction {#sec1-1}
============

Conventional methods to deal with tooth decay and white spot lesion (WSL), focused on control of oral biofilm through oral hygiene care and mechanical removing of microbial plaque using fluoride and antimicrobial agents, all depend on patient's cooperation.\[[@ref1]-[@ref2]\] Another possible method to prevent enamel demineralization, independent of patient's cooperation, is the use of adhesives resistant to bacterial adhesion and biofilm formation.

Consequently, various antimicrobial agents have been tried to be add to orthodontic adhesives.\[[@ref3]\] One of the antimicrobial agents that have recently received a lot of attention is metal nanoparticles.\[[@ref4]\] The unique antimicrobial properties of metal nanoparticles are attributed to their small size and related high surface area to volume ratio.\[[@ref5]\] These physiochemical properties of nanoparticle provide a large interaction with bacterial membranes causing a wide range of antimicrobial effects, other than releasing metal ions.\[[@ref6]\]

The use of adhesives containing nanoparticles could play an important role to inhibit development of WSL. It is reported that restorative composite containing 1 wt% quaternary ammonium polyethylene imine can completely inhibit the growth of *streptococcus mutants* (S.mutans).\[[@ref7]\] Brackets which were coated with copper oxide(CuO) and zinc oxide (ZnO) nanoparticles showed better antimicrobial effects on S.mutans compared to control group.\[[@ref8]\] It is also reported that CuO and ZnO nanoparticles have strong antimicrobial effects on inhibition of bacterial colonization and plaque development.\[[@ref9]\] CuO has showed antimicrobial effects against a wide range of pathogenic bacteria.10 Since CuO is more low-priced and more stable, both chemically and physically,\[[@ref11]\] this study was designed to evaluate the antimicrobial properties of CuO nanoparticles and its shear bond strength on orthodontic adhesives.

Materials and Method {#sec1-2}
====================

In order to have nano-composites with concentration of 0.1, 0.5, and 1.0 wt. %, 0.003, 0.15, and 0.03 g CuO nanoparticles (Avijeh nano structure company, Tehran, Iran) were weighed by a digital scale respectively. Each were mixed with 3 grams orthodontic composite (Transbond XT, 3M Unitek, USA) with a mixer spatula and glass slab in a semi-dark environment to reach to a uniform concentration.

40 maxillary premolar teeth, extracted for orthodontic purposes within 6 months, were recruited in this study. Teeth were free from caries, filling, and endodontic treatment. Teeth with enamel cracks, detected under the direct light of dental unit, were omitted from study. Teeth preserved in 0.1% thymol and then divided randomly in 4 groups of 10 teeth, mounted on acrylic blocks. Buccal surfaces of all teeth were cleaned with prophylaxis brush, washed with water and then dried. Teeth were etched for 30 seconds with phosphoric acid 37% (Fineetch, Korea); then washed for 15 seconds, and dried with an oil-free air spray. A thin layer of primer (Transbond XT primer, 3M Unitek, USA) was applied to buccal surface of teeth and brackets were bonded using adhesives assigned to each group.

Metal brackets (Dentaurum, Discovery, Germany) were placed on buccal surface of teeth, 4 millimeter from cusp tip, and fitted completely on the tooth surface using a scaler pressure. Then excessive adhesive was removed with a scaler before curing. Nano-composites of 0.1%, 0.5%, and 1% (wt.%) were used for first, second, and third groups respectively. Transbond XT (3M) adhesive was also used in control group. Then brackets were light-cured using a LED curing unit (MORITA, Japan) at 450 nm wavelength, and 500 mv/cm^2^, for 20 seconds (5 seconds from each aspect). All samples were thermo-cycled (Vafaee, Iran) for 1500 times between 5 to 55^0^C, 15 seconds in each temperature with 10 seconds intervals. Then shear forces were applied to the brackets of all 4 groups, including three study groups and one control group, using a universal testing machine (Walter+bai, Switzerland) at 0.5 mm/ min crosshead speed, until the bond failure occurred. Debonding force was recorded in Newton, changed to mega-Pascal by dividing to surface area of bracket base.

Disc agar diffusion test was used in this study to investigate the antibacterial effects of adhesive containing CuO nanoparticles against S.mutans. A suspension equivalent to 0.5 McFarland turbidity (1.5×10^8^. CFU/ml) in the brain-heart-infusion (BHI) medium was produced from new cultured (24 hours) standard S.mutans. Plastic molds with a diameter of 6 mm and a thickness of 1 mm were used to make composite discs.

The molds were placed on a glass slab, and were covered with another slab after putting adhesive in the mold; then the adhesives were cured for 20 seconds (10 seconds from side) with light curing device. In this way, 10 discs of 6mm diameter and 1 mm thickness were produced from each adhesive group. In order to complete curing, discs were cured for 10 seconds again. Then, using swaps, some prepared bacterial suspension was meadow cultured on the Mueller Hinton medium (Merck, Germany) enriched with 5% sheep blood. Then a disc from each group was placed on the plates containing medium. All culture media plates were kept in a CO2 incubator at 37oC for 24 hours. Now the diameter of bacterial growth inhibitory zone around the discs was measured in millimeters.

One-Way ANOVA test was used in this study to compare the shear bond strength. Kruskall-Wallis and Mann-Whitney tests were used to compare and investigate the diameter of inhibition zone. in all statistical tests, the significance level was considered 0.05.

Results {#sec1-3}
=======

Based on the obtained results, incorporating CuO nanoparticles into the adhesives in all three concentrations of 0.01, 0.5, and 1 wt.% not only had no negative effect on shear bond strength; but even increased it. As summarized in [Table 1](#T1){ref-type="table"}, all three groups of adhesives containing nanoparticles showed a mean shear bond strength more than that of control group; yet there were no significant differences according to One- Way ANOVA test and *p*= 0.695 for all four studied groups. As illustrated in [Figure 1](#JDS-19-1-g001.tif){ref-type="fig"}, increasing the concentration of CuO nanoparticles up to 0.5 wt.% increased the shear bond strength, but in 1 wt.% concentration the shear bond strength decreased compared to other two groups. Antimicrobial examination showed that the greatest diameter for S. mutans growth inhibition zone (the mean of 9.20mm) was belonged to the third group consisting of 1 wt.% CuO nanoparticles ([Table 2](#T2){ref-type="table"}).

###### 

Mean of shear bond strengths of four groups

  Groups               N    Bond                 
  -------------------- ---- ------- ------------ -------
  Control              10   15.90   1.46 12.57   19.22
  Nanocomposite0.01%   10   16.69   1.16 15.05   19.33
  Nanocomposite 0.5%   10   17.81   1.18 15.12   20.50
  Nanocomposite 1%     10   16.22   0.91 14.14   18.30

![Comparison of shear bond strengths of four groups](JDS-19-1-g001){#JDS-19-1-g001.tif}

###### 

Comparison of S.mutans growth inhibition zone (millimeter)

  Control               N    Mean±SE     Median   Min   Max
  --------------------- ---- ----------- -------- ----- -----
                        10   6±0.00      6        6     6
  Nanocomposite 0.01%   10   8±0.36      8        6     9
  Nanocomposite 0.5%    10   9±0.29      9        8     10
  Nanocomposite 1%      10   9.20±0.38   9        8     11

The results of Kruskal-Wallis test showed that there was a significant difference in the inhibition of S. mutans growth among four groups (*p*\< 0.001). Pairwise comparison of antimicrobial effects, using Mann-Whitney test, showed that there is a significant difference between each of the three groups containing nanoparticles and the control group ([Table 3](#T3){ref-type="table"}). Among the three groups containing CuO nanoparticles, in pairwise comparison, there was no significant difference; however, the findings showed that the increase in the concentration of nanoparticles resulted in a greater inhibition zone of S. mutans growth ([Figure 2](#JDS-19-1-g002.tif){ref-type="fig"}).

###### 

Pairwise comparison of shear bond strengths of three groups

  Group     Control                                 0.01%                                   0.5%                                    1%
  --------- --------------------------------------- --------------------------------------- --------------------------------------- ---------------------------------------
  Control   \-                                      0.002[\*](#t3f1){ref-type="table-fn"}   0.000[\*](#t3f1){ref-type="table-fn"}   0.000[\*](#t3f1){ref-type="table-fn"}
  0.01%     0.002[\*](#t3f1){ref-type="table-fn"}   \-                                      0.105                                   0.105
  0.5%      0.000[\*](#t3f1){ref-type="table-fn"}   0.105                                   \-                                      0.796
  1%        0.000[\*](#t3f1){ref-type="table-fn"}   0.105                                   0.796                                   \-

Significant p\< 0.005

![Comparison of S.mutans growth inhibition zoon in all four groups](JDS-19-1-g002){#JDS-19-1-g002.tif}

Discussion {#sec1-4}
==========

Due to unique antimicrobial properties of metal nano particles, antibacterial and mechanical effects of CuO nanoparticles on orthodontic adhesives were investigated in this study. According to the results obtained by this study, although incorporating CuO nanoparticles into adhesive in all three studied concentrations increased shear bond strength but it was not significant compared to control group. In all three concentrations of 0.01, 0.5 and 1.0 wt.%; adhesives containing CuO nanoparticles showed significant antimicrobial effects against S.mutans compared to control group. Increasing in the concentration of CuO nanoparticles did not result in increase of S.mutans inhibition zone statistically. Because nanoparticles are embedded in the matrix of cured adhesive, it seems that release of nanoparticles in the agar plate does not increase as the concentration of nanoparticles increases in the adhesive. Argueta *et al*.\[[@ref12]\] incorporated copper nanoparticles into bonding agent. They report that the bonding agent, containing nanoparticles showed bactericidal effect against all three studied bacteria, including S.mutans. In addition, incorporating copper nanoparticles in 0.0100 wt.% concentration increased the shear bond strength significantly.\[[@ref12]\] These results are in line with our study, in which in addition to antimicrobial effect against S.mutans, CuO nanoparticles increased shear bond strength of adhesive.

In our view, nanoparticles probably can act as nano-fillers and enhance shear bond strength of adhesive. It might happen within restriction of crack propagation through the nano-filler reinforced matrix of adhesive. Tabrez *et al*.\[[@ref6]\] showed that ZnO and CuO nanoparticles had strong antimicrobial effect on microbial plaque growth and colonization, consistent with the results obtained in our study. Eshed *et al*.\[[@ref13]\] evaluated the formation of microbial biofilm on teeth coated with CuO and ZnO nanoparticles using sonochemical method. They reported that CuO and ZnO nanoparticles decreased biofilm formation 70% and 80% respectively.\[[@ref13]\] This result can probably be explained with anti-adhesion effect of nanoparticles. Poosti *et al*.,\[[@ref14]\] studied shear bond strength and antimicrobial properties of orthodontic composite containing titanium oxide nanoparticles. They reported that there was no significant difference in the shear bond strength compared to control group, but antibacterial effects of the Nano-composite group showed significant difference both instantly and after 30 days.\[[@ref14]\]

Akhavan *et al*.\[[@ref15]\] reported that incorporating silver and hydroxyapatite nanoparticles to adhesive at a concentration of 10% reduced the shear bond strength, but it was not significant at lower concentrations of 1% and 5%. It seems that in low concentrations, incorporating nanoparticles probably does not interfere in light-cured composite polymerization.\[[@ref15]\] It is reported that polymerization of adhesive might be affected in higher concentrations of nanoparticles.\[[@ref12]\] This can be attributed to the fact that increase in concentration of some nanoparticles result in darker shades of adhesive and reduction of translucency which in turn could reduce light penetration depth and interfere complete adhesive curing. Several other studies verified the antimicrobial effects of nanoparticles, for example, Mirhashemi *et al*.\[[@ref16]\] reported that incorporating chitosan and ZnO nanoparticles to orthodontic adhesives significantly improved the antimicrobial effects. Since the antimicrobial effect of nanoparticles is because of their very small size and high surface area to volume ratio and as a result of high surface free energy, rather than the nature of material, consistent results of different studies in antimicrobial effect of nanoparticles incorporated adhesives are not unexpected.\[[@ref17]\] As a limitation of clinical usage of the result of this study, it is reported that CuO nanoparticles exhibit toxic effects. It is recommended that toxic effects of metal nanoparticles should be reduced to non-significant level through controlling nano particle diameter and surface modification.\[[@ref18]\] Before clinical application, further clinical studies are needed to evaluate the probable cytotoxicity or tissue reactions of adhesives containing CuO nanoparticles.

Conclusion {#sec1-5}
==========

The results obtained from this study shows that Transbond XT adhesive (3M Unitek, USA) containing CuO nanoparticles in all three concentration of 0.01, 0.5 and 1.0 wt.% have antimicrobial properties and can inhibit the growth of S. mutans in the medium. Incorporating CuO nanoparticles in all three concentrations of 0.01, 0.5 and 1.0 wt.% has no negative effect on shear bond strength of Transbond XT adhesive(3M Unitek, USA).
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